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> Modified close fraction batch process for purification of SI02. 



© The disclosed process separates impurities, in- 
Ciuding acmixsd minerals other than quartz and 
quartz particles having relatively high levels of lattice 
impurities, from a quartz containing particulate ma- 
terial to recover a high purity quartz product. Trie 
process involves treatment with a solvent to reduce 
the size of trie impurities relative to the quarte prod- 
uct and the thus treated material is then classified by 
size So recover the purified product, if impurities less 
soluble man the quartz product are also present, a 
second solvent treatment is conducted to reduce the 
size of Ihe quarte particles relative to the less solu- 
ble impurity and a second classification by size is 
conducted. In a preferred embodiment, the quartz is 

3 subjected to a heat/quench cycle to fracture quartz 
particles thereby exposing occluded and interstitial 
0 impurities to the solvent leach. The iniarroediate 
^product exiting the final solvent treatment and eta- 
e&sSfieafioti steps is dried, blended and roasted in a 
gj vacuum to remove gases. 
«■ 
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MODIFIED CLOSE FRACTION BATCH PROCESS FOR PURIFICATION OF S!Q E 



F®}<$ of the In ven; ion 

This invention relates to the batch purification 
of particulate SiO,. 



BACKGROUND OF THE INVENTION 

r The Impurities in particulate SiOj, whether it be 

— | natural or manmade crystalline (quartz) or amor- 

| phous {fused quarts or fused siiica), can be clas- 

L sifted as foiiows: 



External impurities 

Adhering Surface Impurities 
Adhering Process Conditioned Surface impurities 
Mixed in impurities 



interna! I mp ure, s 

Qccluded/intersfitiaf Impurities 

a) solids 

b) liquids 

c) gases Lattice Impurities 

High purity particulate SiO* containing low or un- 
detectable levels of the above-identified types of 
impurities, is required in substantia) quantities for 
the manufacture of synthetic or cultured quartz 
erystais.for fused quarts products, optical glass 
melting, investment casting applications and as a 
filler In a variety of products. 

Particulate SiO* can be produced from Silicon 
containing gases such as stficon tetrachloride, 
SiCI,, using liame hydrolysis cr flame oxidation of 
such gases. In these processes, dropiets of SiO* of 
approximately five {5) microns ere formed In the 
atmosphere and then conglomerated, and de- 
positied on surfaces in order to create larger bod- 
ies. The so formed material is largely porous as 
compared to crystalline particles and large 
amounts of its natal gas environment incomes 
occluded in it More commonly, naturally occurring 
crystalline StO, or quartz is used. Two distinct 
types of naturally colorless quartz have found wide- 
ly accepted use, namely (I) faced or unfaced quartz 
crystals and (2) quartz with a relatively small de- 
gree of crystallization extracted from pegmatites or 
quartzites. White naturally or artificially irradiated 



"smokey* quarts has seen used, qi.a-tz colored by 
lattice impurities, e.g., amethyst, citrine, rose, blue, 
has heretofore beers considered useless for fused 
quartz applications, 
s Faced or unfaced crystals of larger crystalliza- 

tion are exclusively manually parted and divided 
into different groups based solely on their degree 
of transparency. They are consumed in various 
applications as lumps, aiso called "iaseas", mean* 
w ing chips in the Portuguese language owing to its 
historic supply from Brazil, ranging from approxi- 
mately one quarter inch to one inch in size. 

Pegmatite quartz is obtained as a powder only, 
due to its finer grained consistency ana owing to 
rs the fact that it is commonly admixed with other 
minerals, ft is separated from associated minerals * 
(which ihen are considered impurities} using Soia- 
fion, heavy liquid or other specific gravity lOtype 
separations, foilowed by high intensity magnetic 
so and electrostatic separations. These processes 
generally contribute heaviiy to the formation of so- 
called "process-conditioned" surface impurities, in 
< contrast to naturally created surface impurities, 
such as those contributed by overburdens or 
2$ "cappings". 

Faced or unfaced crystals commonly exhibit 
significant variations of their interna! and external 
impurities from one mining region to another even 
within the same crystal, in contradistinction, peg- 
so matits quartz characteristically shows great uni- 
formity of impurities for ceraln identifiable types of 
quartz throughout a deposit or even a very large 
region. 

Hans Ulrich Bambauer (Zurich), 1981, 
35 Habfittationsschrift der Abteflung fuer Naturwlssen- 
schaft der Eidgen. Tecbnischen Hochschute. 
"SpursneJementgehaite und -rFarbzentren in Quar- 
zen aus den Zerrklueften der Schweizer Aipen". 
reported that the lattice Impurities of naturally 
<k> colorless quartz are made up from substitutional 
aluminum, replacing silicon atoms and compen- 
sations cations such as lithium, sodium or hy- 
drogen as hydroxy! (OH) whereby their presence 
can be described: 

46 

Ai a E Li, H, Na (atomic! 

Bambauer and others have shown that othar 
types of lattice impurities result in the rtatura&y 
colored varieties of quarts as identified above. 
m Bambauer has also shown that irradiation induced 
optical density increases using x-or y-rays, cor- 
relate with the iithium content and therefore the 
aluminum concentrsfion In the lattice. 

State of the an nenefieiation techniques, em- 
ployed for both types of quartz, make no attempt to 
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remove Ijjrtice impurities sod no attempt tc seg- 
regate tractic- . levels ot ^attsca impuri- 
ties. Experimerstal attempts tc identify material? 
having low and high levels of lattice impurities, as a 
gu:de to elimination by sorting, nave been un- 
successful. 

U.S. patent 3.837.826. which issued to Sawyer 
in I974 and is entitled "Color Sorting of irradiated 
Quartz Crystals * discloses the manual sorting of 
batches of large size particulate quartz by sslec- 
fieri, into radiation induced color categories. While 
the method works within a range of color, discern- 
ible by the human eye and capable electro-optical 
detectors, it does not work on quartz which faiis to 
develop color due to the specific location of its 
impurities in the lattice and for quartz that exhibits 
early coior saturation. More Importantly, the color 
earners are Swifted to lattice impurities white inter- 
stitiai or occluded impurities are not affected. Most 
importantly here, the method is totaiy inapplicable 
to finely divided powders, 

For the destruction {reduction) ot the external 
impurities, hydrofluoric acid (HF), alone or mixed 
with another mineral acid, is the preferred reagent 
in the state of the art chemical beneficlation tech- 
nologies, in order to provide the most uniform acid 
treatment for different size quartz particles, the 
state of the art technology realizes that it is most 
appropriate to use a closely sized batch. 

In one Currently used commercial process, 
mine run quartz is crushed and then divided into a 
continuous band of closely sized fractions and HF 
is used to individually treat each of such fractions, 
with their recombination into preferred distributions 
Mowing the completion of such treatment, and is 
recognized in the art as the close fraction batch 
process {CF8 process). The success of such an 
acid treatment is based solely on the ability of file 
HF or HF-mixtures to reduce the surface impurities 
and mixed impurities relative to the quartz with 
comparatively small dissolution losses of the quartz 
itself. By dividing the crushed quartz into fractions 
by size, any difference in surface area is largely 
negated as a factor affecting the relative rates of 
dissolution. Thus, the CF8 process relies upon 
different rates of dissolution as between quartz and 
the various impurities attributable to differences in 
their chemical and physical properties (other than 
size). The objective of the CFB process is to com- 
pletely destroy the impurities by dissolution with 
minimum loss of quartz Most feldspars and many 
Iran silicates, for example, exceed the dissolution 
rate of quartz in HF under identical conditions. 

However, since the dissolution rate of an impy. 
rity is never infinitely greater than that of quartz, in 
the CFB process impurities can be reduced but 
never completely eliminated without also complete- 
ly dissolving the quartz. One commercial CFB prc~ 



csss lakes about 4 hours overall and requires a 
volume of water approximately 7X that of the 
quartz. Further, reduction of impurities to specifica- 
tion for certain end use applications inevitably 

s leads to large losses of quartz. Finally, the present 
inventor has discovered that the CFB process ac- 
tually increases the concentration of certain impuri- 
ties, specifically those which have a lower rate of 
dissolution than quartz. This impurity increase, of 

io course, is attributable to the inevitable loss of 
quartz during the teaching. Minerals having a 
slower rate of dissolution than quartz in HF include 
garnet, zircon, titaniate, stauroiite, albite and beryl. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to eliminate rather than reduce impurities 
w typically found in admixture with field run quartz. 

Another object is the elimination of impurities 
with less consumption of water than the prior art 
techniques. 

ft is a further abiect of the present invention to 
as eliminate minerals such as garnet, zircon, titanate, 
stauroiite, albito and beryl, which are less soluble 
than quartz in a solvent such as HF, as weii as 
minerals more soluble than quarts such as Iron 
silicates and most feldspars, 
w Vet another object is to separate out that frac- 

tion of the quartz particles containing more lattice 
Impurities than the batch average. 

Another object is to provide techniques for 
more efficient removal of gases, solids and liquids 
as existing in the quartz as occlusions or interstitial 
impurities. 

It is yet another object ot the present invention 
to accomplish the foregoing objectives with mini- 
mum loss of quartz. 
*? To achieve the foregoing objectives the present 
invention adopts a radically different approach than 
that of tie prior art. Instead of utilizing a leach to 
destroy impurities the present invention utilizes a 
leach to create a size differential as between rela- 
ys lively impure particulate material and the desirable 
higher purity or high grade quartz product, enabling 
separation by screening, air cteaci&catkm or other 
size classification techniques. Further, the present 
invention, by establishing a size differential be- 
so tween (!) quartz and more or less soluble admixed 
minerals and even (2) between quartz having high 
levels of lattice impurities and the desirable higher 
purity or high grade quartz, succeeds where the 
prior art fails, i.e. in eliminaton of both the less 
ss soluble admixed impurities and the quartz fractions 
with high lattice impurity levels. 

Further, in the present invention, choice of an 
additive providing soluble fluoride sate in an HF 
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teach leads to a drasticatly lower consumption of 
water as compared with She prior art. 

Acceding!/ -he p« n provides a 

metnod of ssj ., ritiss and Sower grade 

sifioon dioxide from a silicon dioxide containing 
batch of particulate raw material to produce a high- 
er purity or high grade silicon oxide product Field 
run quarts, for example, is crushed, optionalSy sub- 
jected to a preliminary separation, e,g. flotation, 
end classified to obtain 3 plurality of sized frac- 
tions. Each of the sized fractions is then individ- 
ually treated, in turn, with a solvent for silicon 
dioxide to reduce the size of the lower grade quartz 
relative to the desired higher purity fraction by 
dissolution. The tested material may then be clas- 
sified by si2e to separate the desired high grade 
silicon dioxide fraction, in similar fashion, quarts 
may be separated from admixed and surface-ad- 
hering minerals less soiuble than the quartz and 
the more soiubie admixed and ednering minerals 
may be separated from the quartz more efficiently 
than heretofore possible. 

In a preferred embodiment the process of the 
present invention utilizes two advent loaches, the 
first tailored to reduce in size physical!/ admixed 
minerals, to dissolve adhering surface impurities 
SOand to reduce the size of those quartz partictes 
containing amounts of lattice impurities significantly 
greater than the hatch (fraction) medium. The sec- 
ond leach is intended to dissolve significantly more 
quartz than the first ieach and may optionally be 
adapted to attack, as weii, occluded and interstitial 
Impurities in the quarto. 

Other preferred embodiments of the present 
invention inciude irradiation to speed the loach step 
and to further differentiate in size the 20desired 
product from Sower grades of quarts, a heat and 
quench cycle to expose occluded impurities to 
dissolution and heating in a furnace, prsferrabfy 
under vacuum, to degas the quart? product. 

"Higher purity quartz" or "higher purity silicon 
dioxide" as used herein has reference to a materia! 
of higher purity than tne batch average for tie 
starting material upon which the process of the 
invention operates. 
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The sole drawing figure is a schematic diagram 
of. a preferred embodiment of the present invention. 



DESCRIPTION Of THE PfigEgfiB£D EMBOOi- 
MENTS 

Trie- starting material may bo any particufato 
artificial orsymheric silicon dioxide, if the starting 



material is a naturally occurring {field run} quarts 
after crushing, it may be advantageous to perform 
preliminary separation of the quartz from othor 
minerals such as feldspars by flotation, in ganerai 
s pelmatic material containing only 10-25% quartz 
requires such a preliminary separation. With a field 
run material containing higher percentages of 
quartz the preliminary separation may be omitted. 
fr» the preferred embodiment illustrated in the 

m soie drawing, optionally, the first leach may be 
preceded by irrao atson preferably ionizing irradia- 
tion, with cobalt 60 being the most economical 
source of such irradiation, in the preferred embodi- 
ment irradiation Is conducted prior to classification 

w by passing She materia! through a tunnel 10 housing 
a conventional cobalt 60 radiation source. Choong 
Shin-Piaw {Nature i54, m (1944)) demonstrated 
that relatively small doses of irradiation activate 
tatties imperfections which will noticeably alter the 

so rate of solubility in quartz and that ev§n the si- 
multaneous presence of ultraviolet light, which can- 
not cause any permanent lattice detects, enhances 
the attack of the acid. G.C. Laemmiein fpompf, 
Bend, Acad;, gcj., USSR. 56, 848 (W)) investi- 

25 gated the effect of x-rays regarding the etching 
behavior of quartz as did W. Oorski (Qias.techni- 
ache Berichte, 215, Aprii isei). Both Laemmiein and 
Sorski impiy that the observed increase In solubil- 
ity may in fact be related to tho activated impurity 

30 centers. Accordingly, irradiation may be used in tho 
process of the present invention both to speed the 
leach and to enhance the differentiation of trie 
leach as between quartz with high levets of lattice 
impurities and purer grade quartz. 

55 Tho particulate quartz, preferrably about -40 
mesh, with or without preliminary irradiation, is 
classified into a plurality of different size fractions 
!4-i9 using conventional classifying apparatus 12. 
The materia! may be classified wet but, more typi- 

40 catly, is first dried and then classified, o.g. using 
screens or an air classifier. Tha drawing figure 
shows six (6) different size fractions 14-19. in gen- 
eral, the iarger the number of size fractions the 
more efficient the procass in terms of removal of 

f$ impurities with minimal dissolution of quartz. As 
previously noted, the closer the fraction, le. the 
lower the differences in particie size within ifts 
fraction, the iess surface area accounts for different 
rates of dissolution for various particles. 

so Fractions 14-19 are individually and simulta- 
neously subjected to a first leach in dosed tanks 
20-25, preferrabiy using hydrofluoric acid, typicaiiy 
10 to 50% as the solvent. Optionally, a!! of fractions 
14-19 may be individually ieacned in a lesser num- 

ss bar of vessels, even sequentially using a singis 
vessel. Other soivenfs useful in the first (and sec- 
ond) leach steps include: 
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sodium hydroxide 
sodium carbonate 
ammonium hydrogen fluoride 
hydrofluorsilic acid , 

it has been demonstrated by previous workers that 
the presence of lattice impurities in the quartz 
affects the rats of solubility. Accordingly, the first 
teach is preferrably carried to an extent that a 
significant size differential develops between the 
quartz particles themselves attributable to a greater 
or lesser content of lattice impurities. As previously 
noted, such a significant difference in lattice impuri- 
ties can exist even between portions of the same 
crystal. 

Various chemical additives may bo added to 
first teach, i.e. leaches 20-25, to minimize toss of 
quartz. 

It has been known for soma time that the 
emerging dissolution body of Quartz and the etch 
figures (hillocks or pits) can be affected by the 
solvent This holds especially true tor the leaching 
of quarts using HF mixed with certain organic ad- 
ditives which do not actively participate in the dis- 
solution Itself. 

Representing this group of chemical additives 

are: 

Alcohols 

Ethers 

Ketones 

CarbOKyiic Acid 

^Substituted Heterocycles 

Alkylated Acid Amides 

N-Sufcstituled Acid Amines. 

Preferred are only such additives that produce the 
toast amount of hillocks and pits as those defects 
contribute toward the formation of bubbles in sub- 
sequent melting of the powders. These additives 
may be used in amounts ranging from 5 wt% to 30 
wt% based on the solvent reagent. In previous 
studies quartz single crystal spheres were etched 
at vancus temperatures and in different add con» 
csntrarJons and using different additives. The 
etched bodies formed from the spheres were mea- 
sured optically and the rate of solttbiSty in the 
directions of the crystaSiographic axes of trie quartz 
•ere evaluated. Proceeding from these values, a 



vector of solubility was introduced into the litera- 
ture. This vector was found to bo norma! to a 
hypothetical plane of solubility and it was found to 
move with s temperature dependent velocity from 

s the outer parts of the dissolving body to the inner 
parts. When teaching beiow room temperature the 
dissolution of quartz along the a -a axis is approxi- 
mately 50 times smaller than aiong the c -axis. The 
difference is even larger for solution of MMsHF*. 

70 With increasing leach temperature this difference 
becomes smaller, but stili remains at least 25% at 
temperatures that can be achieved in an open, not 
pressurized, leach system. Thus, by use of certain 
additives the preference for dissolution along the a 

?s -3 axis is enhanced and losses of quartz in the first 
leach are minimized. My preferred additive is an 
aromatic sulfonic acid, particularly m-benzene dis- 
ulfonic acid. 

Thus, the first leach separates the quartz of 

20 desired purity in each batch from the faster dissolv- 
ing particles and in doing so also cleans the sur- 
faces of that particulate quartz to a degree where 
all transitory external impurities a'e no longer of 
significance. Tnts first feach aiso eliminates a cer- 

25 tain amount of quartz that had considerably higher 
lattice impurities man the remainder of the batch, 
as welt as the more soiuble admixed minerals. 

Prior to the first Seech the temperature of the 
material is kept below the melting point of the 

30 impurities, e.g., silicates, to avoid malting the 
mlxed-in Impurities in view of their potential ability 
to "alloy * with the quartz or to react with the lattice 
of the quartz by way of inward diffusion and/or ion 
exchange. In particular, the element sodium ap* 

35 pears as a constituent or impurity in many min- 
erals, liquids and atmospheres, it is generally not a 
(attics impurity of quartz but. because of its ability 
to react and its mobility at elevated temperatures, it 
may easily be incorporated into the lattice of 

w quartz. Kate, Philips; Research Report,, vol. 17, no. 3, 
June SS62, has shown that heating of hydrogen- 
containing quartz in sodium-containing at- 
mospheres {or sodium contained on the quartz 
surface, e.g., as residual feldspar, for that matter) 

45 results in the exchange of ions, whereby hydroxyi - 
<OH> becomes replaced with sodium. 

The extent of both the first and second leaches 
is controiiod to achieve the desired effect with 
minima! loss of quartz having the desired degree of 

so purity. This is accomplished by proper selection of 
reagent, reagent strength, temperature, pressure, 
additive, leach time and reagent to quartz ratio. 
The possible combinations ef the foregoing vari- 
ables capable of yielding the desired result are 

5$ literally infinite In number. However, in the first 
leach using hydrofluoric acid, the Strang* of the 
acid will typically be 85% to 70%. Again, the pre- 
ferred choice of additive is an aromatic sulfonic 
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iicid and, most prefarrabiy, m-benzene disulfonie 
scid. The time for the first teach will typicafiy vary 
from 5 to 45 fninjtes, ge y on choice 

of amount i tf e aoic. 

After the first leach, each of fractions M-I9 is 
individually wet screened on one of screens 27-32 
to remove to waste those particles of a size s gn fi- 
cantly reduced by teaching. The particles of re- 
duced size wih typr; y • l spar, iron sfii- 
eaies, and tow grade {high lattice impurity) quartz. 
A screen of & mesh size corresponding to that 
upon which the fraction to be screened was 
originally re s . n ,2 is usually suitable 

for screens 27-32, for example, a leached fraction 
which was origirally-50 + 80 mesh may be 
screened at 27 with a 60 mesh screen, thereby 
removing the particulate materia! of significantly 
reduced size as well as totally dissolved impurities. 

After the first leach, impurities whose nature is 
either of ths occluded or the interstitial type remain 
in the recovered product. In a preferred embodi- 
ment, the surviving particulate quartz, having un- 
desirable occluded solids, liquids end gases, is 
attacked. Ocduded solids In quartz are quits com- 
mon and the variety of different types is too great 
to be listed here. Rutile is by far the most typical 
and wide-spread occurring of all occluded solids 
found In quartz. Liquids and gases ere also com- 
mon as occlusions m quartz and include such 
species as water (crystal water) and liquid gases 
such as carbon dioxide and hydrocarbons. Some of 
the liquid gases are occluded as microscopic bub- 
bles end are surrounded by quartz of sufficient 
strength to sustain their pressure while others are 
contained at atmospheric pressures and intersfr- 
tiatly. The presence of such occluded impurities is 
of significant concern ior ail particulate SiO„ wheth- 
er it be natural or man-mads, intended for con- 
sumption in semi-conductor type applications in 
which their liberation into silicon single crystals 
wouicl have a detrimental effect. This concern par- 
ticuiariy applies to the types of liquid and gaseous 
impurities which have a tendency to survive even 
the transformatfon from the crystalline into the 
amorphous phase of SiO s in the conventional melt- 
ing techniques and which are only released slowly 
into the surrounding atmosphere,. 

To attack occluded and interstitial impurities. 
Is. solid, liquid and gaseous Inclusions, each of the 
fractions S4-1S Is first dried at 34-39 and then 
passed through one of the individual heaters 41-46 
to heat same to temperatures exceeding that of the 
alpha-beta conversion temperature, generally de- 
fined as being 573«C plus or minus 3*0 on heating 
or cooling, but not to exceed a maximum tempera- 
ture of i720*<X Each eaten or fraction !4-i9 is next 
passed through one ot coolers 48-53 where the hot 
partaSata quartz of each batch is subjected to 



very rapid radios' cooling or quenching in a non- 
contaminating liquid or gaseous atmosphere having 
a temperature at least 200 s C tower than the maxi- 
mum temperature re-ached in the heating process. 

s This h q - te serv« ' * - tore ths in- 
dividual particles, the fractures tending to occur at 
the sites of occluded and interstitial impurities, 
thereby exposing those impurities to the reagent 
used in the second leach. 

tg A second leach of each individual batch or 
fraction 14-19 is conducted in vessels 55-60 to re- 
move the occluded and interstitial impurities ex- 
posed by fracturing in the heatfcuertch cycle as 
well ss those admixed minerals less soluble in the 

t§ reagent than quartz. The reagents, additives and 
operating parameters used in the second leach are, 
in general, tha same as those used in the first 
ieach with the exeption of temperature and pres- 

After removal of the critical surface impurities, 
the application of heat to the particulate quartz is 
no longer a problem. Both the first and second 
teaches are conducted in ciesed vessels and pref- 
erably at least one leach is conducted at elevated 

2S temperatures arid pressures. For this purpose 
ieach vessels 20-25 and 55-80 are closed, pressur- 
ized vessels hosted from an external source and 
by the exothermic heat of reaction. The eievated 
temperature speeds the process and increases the 

30 discrimination of the teach between the quartz 
product and the material to be separated there- 
from. The temperature and pressure will be limited 
by the resistance of the leach vessel to the reagent 
employed and by the pressure rating of ths vessel. 

ss Again, instead of a series of heating vessels 41- 
AQ, quenching vessels 48-53 and teaching vessels 
55-90, a lesser number of vessels may be used for 
each process step wrth the batches passed in 
sequence through those vessefs. 

After the second ieach each individual fraction 
or batch 14-19 is screened a final time to separate 
the quartz, which is recovered as a product passing 
through the screen, from the less soluble admixed 
impurities, in general, each fraction or batch is wet 

4$ screened in one of classifiers 62-67 on a screen 
that has the same mesh opening siz© as that 
employed in the previous screening. For example, 
batch 14 screened using a standard 60 mesh 
screen in 30 to provide a 80+ mesh material - 

so {intermediate product) would now be screened us- 
ing again a m mesh screen in 54 to provide a 80- 
mesh product 

The individual wet screened batches 14-18 may 
now be dried in 69-74 and appropriately biended to 

ss specification at 75 and the combined batch is sub- 
jected to degassing in furnace 77. Treatment in 
furnace 77 is intended to remove those occluded 
liquids and gases that were not exposed and re* 
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moved by Soachina in me heat/quench and second 
leach steps. The present inventor has discovered 
thai She combined gas and iiquid content of even 
the most transparent type quartz {as contrasted 
wish translucent or "milky* quartz) may be as high 
as several percent in weight evan after first remov- 
ing surface water by prolonged heating at IIO'C. 
One possibility for removing the remaining gases 
and liquids would be to crush the particulate quarts 
to a fine, fiaur-iike consistency. However, such a 
technique would yield only sn undesirably fine 
product with a greatly increased surface area gen- 
erally unsuitable for fused quartz applications and 
also which would tend to absorb moisture upon 
exposure to normal atmospheres at room tempera- 
ture. Therefore, a different approach to degassing 
must be adopted. Tha present invention removes 
such residual, occluded gases and liquids by heat- 
ing in a controlled atmosphere. The present in- 
ventor has discovered tha: conventional state of the 
art procedures for removal of organic surface impu- 
rities from particulate quartz, involving heating to 
temperatures of 1100* 0 in air for approximately one 
hour ("calcination "J results in an increase of the 
gaseous constituents of air in the quarts by mom 
than three orders of magnitude, i.e. from lO" s cm J of 
gas per gram In the quartz to nearly ifr'cmVg. The 
present inventor has also discovered that the ab- 
sorption of gases by quart* during heating can be 
prevented or reversed If the quarts is heated to a 
temperature approaching the crystobaiite-amor- 
phous SO, conversion temperature, generally stat- 
ed to be at 1728° C, in a partial vacuum. Accord- 
ingly, irt the preferred embodiment of the present 
inventSon, the combined quartz fractions {or individ- 
ual fractions) are passed through a furnace 77, 
operated, for example, at 1650-1720'C and 10-100 



mmHg vacuum. For degassing, the particulate 
quartz is preferrabiy spread to a mono-layer thick- 
ness {a iayer the thickness of the average particle 
dtarnstt; ). 83 reading the parti i e quarts to 

s approximately a two iayer thickness, the rata of 
degassing or outgassing drops by a factor of three 
as compared to the mono-layer process under oth- 
erwise identical conditions. Further experimentation 
has revealed that a thicker layer {30 mm} of the 

w same material requires hours of exposure to reach 
a steady state of gaseous content and even then 
the amount of gases and liquids thereby liberated 
wifi generally amount to less than 5 percent of the 
amount liberated using a mono-layer. Ths preferred 

js apparatus 77 for carrying out the outgassing proce- 
dure is that described in one of U.S. Patents 
3,895,174, 4,212,661, 4.188,201 and 4.040,735 issued 
to the present inventor. 

The degassed product is finally packaged at 79 

so into heremeticaiiy seated containers to protect 
against airborne contamination including moisture 
pickup. 

The fallowing examples serves to illustrate the 
operating principles of the present invention. 
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EXAMPLES 
Example j: 

30 

In order to demonstrate the faster dissolution of 
particulate quartz containing higher amounts of lat- 
tice impurities compared to quartz with lower Impu- 
rity levels, two lumps ware cleaved from larger 
35 homogeneous chunks whose lattice impurities (in 
ppm by weight) were as follows: 



Weight - grams 

Al 

Li 

Na 

K 

Ca 
Ti 



Next, both lumps were placed In a teflon beak- 
er and covered wish 20% HP, The beaker was 
placed on a hot plate witn the temperature main- 
tsined at 60°C. Additional acid was added to the 
beaker whenever needed to make up tor the evap- 
oration losses. 



Lump 


_1 


LUJRE 


• 2 


10, 


.12 


10 


,23 


42 




207 


2 




SO 




1 




13 




0 




2 




3 




1, 


5 




3 


°, 


6 



From time to erne, both tumps were removed, 
washed in deicnized water, dried at 110 °C, and 
weighed. 

The lump with the higher lattice impurities dis- 
solved much more quickly than the purer one 
which actually survived for more than 24 hours. 
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i Grams 

Tim© (hours) Lump 1 Lump 2 

1 ' 9,99 8,0? 

2 9,76 6,53 

4 9,27 3,93 

24 8 r 74 0;52 



i^" g»amp^ 2: 

Finely divided quarts containing admixed iron 
silicates was screened into five different fractions 
having mesh sizes of (-50 + 80), (-80+70), {- 
70 + 80), (-80 + 100) and {-100+i40). 

Forty {40} grams Of aach fraction worn placed 
in separate teffon beakers and covered with 80 mi 



of 4§% hydrofluoric acid {48% HF). The beaters 
were piaced on a hot piate kept between 48° and 
51,5*0 tor on© hour. Thereafter the leached sam- 
ples were washed, dried and weighed. Next, each 
'5 sample was screened through the lower of its ncn- 
conteminatng screens, e.g., nylon, to avoid Fe 
pickup, and the newly t * i fr tioos were ana- 
lyzed for iron. 



Iron Content in ppm by Weight 



Original 
Fraction. 



Fractions 
after the 
Leach 



Iron Content 

in ppm 
by Weight 



Weight 
Dissolved { 96) 



-5C+6Q 

-60+70 

-70+80 

-80+100 

. -100+140 
MESH 



+50 
-60 

+70 
-70 

+80 
-80 

+100 
-100 

+140 
-140 
MESH 



1,6 
17,0 

0,58 
3,74 

0 

2,0 

0, 53 
7,13 

0,53 
15,0 



14,3 
15,4 
15 f 9 
25,1 
24,9 



The invention may bo embodied in other spe- 
cific forms without departing from the spirit or 
essentia* characteristics thereof. The present em- 
bodiments are therefor® to be considered in afi 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the ap- 
pended claims rather than by the foregoing de- 



scription, and all charges which come within she 
meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 
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1. A process for separating impurities from 
silicon-dioxide containing particulate raw material to 
recover a higt ^'oduct, said 
process comprising: 

a) treating said particulate raw material with 
a reagent which is a solvent for the silicon dioxide 
ia reduce the size of the impurities relative to the 
higher purity silicon dioxide by dissolution; and 

b) classifying the treated particulate material 
by size to separate the impurities from the higher 
purity silicon dioxide, 

2. Tne process of claim 1 wherein said classify- 
ing in step 2 is by use of at feast two screens of 
different mesh sizes to obtain at least three frac- 
tions of differing particle size distribution wherein 
said higher purity siiicon dioxide is retained on the 
finer mesh screen. 

3. The process oi claim I or 2 wherein said 
siiicon dioxide is naturally occurring quart*. 

4. The process of any oi ciaims i to 3 wherein 
said reagent comprises hydrofluoric acid. 

5. The process of claim 4 wherein said reagent 
further comprises an inorganic mineral acid other 
than hydrofluoric acid. 

6. The process of any of cfaims ! to 5 wherein 
said reagent is selected from the group consisting 
of ammonium hydrogen fluoride, hydrofluorsitic 
acid, hydrofluoric acid, sodium hydroxide and so- 
dium carbonate. 

7. The process of claims ! to 6 wherein the 
classification of step & is by means of a screen 
with the material retained on said screen being 
recovered as said higher purity siiicon dioxide 
product. 

8. A process in accordance with ciaim 7 
wherein said particulate raw materia! contains ma- 
terial less soluble in said reagent than said higher 
purity silicon dioxide; 

wherein the classification of step is by means of 
at least two screens of different mesh opening size; 
and 

wherein said less soluble materia) is retained on 
one screen and said higher purity siiicon dioxide is 
retained on another screen. 

9. A process So accordance with any of ciaims ! 
to 8 further comprising subjecting another of said 
sized fractions to steps § and b. to obtain additional 
higher purity silicor) dioxide. 

fO. A process in accordance with any of ciaims 
i to 9 wherein said impurities include admixed 
minerals other than siiicon dioxide and silicon diox- 
ide particles having a higher teveS of lattice impuri- 
ties than said higher purity silicon dioxide. 

if. A process in accordance with any of ciaims 
WO wherein step § is conducted at an elevated 
temperature and pressure. 



12. A process for recovering a higher purity 
quark product from a particuiaie quarts containing 
admixed and adhering impurities, said process 
comprising; 

s a} classifying a particulate quartz to obtain a 

plurality of sized fractions; 

b) treating one of said sized fractions with a 
reagent which is a solvent tor the quartz to reduce 
the size of those quarts particles containing 

« amounts of lattice impurities higher than the frac- 
tion average snd to reduce in size those admixed 
minerals more solubie than quartz; 

c) classifying the treated fraction by size to 
separate an intermediate quarto product from said 

is lattice impurity containing quarto pa-tides and 
more soluble minarais; 

d) treating said intermediate product fraction 
with a reagent which is a solvent for the quartz to 
dissolve significantly more quartz than dissolved in 

ao step £, thereby reducing the size of the intermedi- 
ate quartz product relative to less soluble minerals 
admixed therewith; and 

e) classifying the product of step d to sepa- 
rate the larger sized less soluble mineral partscies 

ss from the smaller sized quartz parficies and re- 
covering the smaller sized quartz particles as said 
higher purity product. 

13. A process In accordance with claim 12 
wherein the reagents used In steps |> and d, are 

30 seiected from the group consisting of hydrofluoric 
acid, ammonium hydrogen fiuoride, sodium hydrox- 
ide, sodium carbonate and hydrofluorsillc acid. 

14. A process in accordance with claim 12 
wherein the reagent used in at feast one of steps b_ 

ss and d is an admixture of hydrofluoric acid and a 
miner amount of m-benzene disulfonic acid, 

15. A process in accordance with any of ciaims 
\Z to S4 wherein aid reagent further comprises an 
inorganic mineral acid other than hydrofluoric acid. 

*j 18. A process in accordance with any ot claims 

12 to 15 wherein the classification in step e. pro- 
duces at least 5 different steed fractions, each of 
which is Individually subjected to steps b^s, 

17. A process in accordance with any of claims 

45 i2-i8 wherein the classification in steps b and g! is 
performed by screening with said intermediate 
product being retained on the screen in step c and 
the quartz passing through the screen used in step 

so 18. A process in accordance with any of claims 
12-17 wherein step d, dissolves at least iSO percent 
the amount of quartz dissolved in step 

19. A process in accordance with any of claims 
12-18 wherein said crushed material is irradiated 

m prior to step & 
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20. A process in accordance with any of claims 
I2-I8 wherein a portion of admixed minerals are 
separated from she quartz by flotation prior to step 

a- 

21. A pre 93S " dance with arty of claims s 
52-20 wherein said intermediate product is heated 

to a temperature of at least i650 o C and then intro- 
duced at said temperature into an environment at 
toast 2Q0 a C lass than said temperature to fracture 
said intermediate product thereby exposing oc~ io 
eluded and Interstitial impurities. 

22. A process io accordance with arty of claims 
12-2 further comprising, after step d , heating said 
one fraction before or after combination with other 
fractions treated in steps to a temperature in ?s 
the range of 1650 °C -S720°C in a vacuum to reduce 

the content of adsorbed gas, 

23. A process tor recovering higher purity 
quartz from a particulate raw material containing 
quartz in admixture with other minerals comprising: so 

a) irradiating said admixture to activate the 
lattice impurities in the quartz; 

b) classifying said admixture to obtain dif- 
ferent sized fractions; 

c) treating each of said different sized frac- zs 
tions individual with a reagent which is a solvent 

for the quarts to reduce the size of particles of 
minerals more soluble than quartz relative to the 
quartz and to reduce the size of tf»$ft quarts 
particles having a higher than median content of 30 
lattice impurities relative to the size of the remain- 
ing quartz particies; 

d) screening each of the fractions treated in 
step b to separate the particles of reduced size 
from an intermediate quarto product which is re- 35 
talned on the screen; 



e) heating each fraction individually and in- 
troducing the heated fraction info a relatively coo! 
medium for quenching to fracture the quartz par- 
tides thereby <posing .cciuded and interstitial 
impurities; 

f) treating each of said sized fractions in- 
dividually * "ivent for the 
quarts to dissolve significantly more quartz than 
dissolved in step & to dissolve the oociuded and 
interstitial impurities exposed in step a and to re- 
duce the quartz in s&s relative to admixed, less 
soluble minerals; 

g} screening each fraction treated in step f to 
separate said admixed, less toluete minerals and 
to recover quartz as the material passing through 
the screen; and 

h) heating each of the quartz fractions recov- 
ered in step g. to at ieasi 1850* C in a vacuum to 
reduce the quantity of gases absorbed therein 
thereby providing said higher purify quartz product. 

24. A process in accordance with claim 23 
wherein said reagent used in a* least one of said 
treating steps comprises hydrofluoric acid and an 
aromatic sulfonic acid. 

25. A process in accordance with claim 24 
wherein said aromatic sulfonic acid Is m-oenzene 
disutfonic acid. 

28. A process in accordance with any of claims 
I to 25 wherein an additive is added to said reagent 
in step a to minimize the formation of etch patterns 
of hillocks and pits, said additive being sotectod 
from the group consisting of alcohols, ethers, 
ketones, carooxylic acids, N-substituted heterocy- 
cies, alkylated acid amides and N-substituted acid 
amides. 
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